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ABSTRACT 


In this note we extend our work in a previous paper [hcp-th/9801038| . We 
show here that various intersecting brane-like configurations can be found 
in the vacuum of D = 4, N = 4 supergravity with gauged R-symmetry group 
SU (2) x SU (2). These include intersections of domain-walls, strings and point¬ 
like objects. Some of these intersecting configurations preserve 1/2 and 1/4 
of supersymmetry. We observe that the previously obtained AdS 3 x R 1 pure 
axionic vacuum or ‘axio-vac’ is an intersection of domain-wall with extended 
string with 1/2 supersymmetries. Also the solutions known as ‘electro-vac’ 
with geometry AdS 2 x R 2 can be simply interpreted as the intersection of 
domain-wall with point-like object. 
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1 Introduction 


In this work we will study N = 4 gauged 577(2) x SU(2) supergravity in four dimensions 
[0. It has been recently established that this gauged supergravity can be embedded into 
N — 1 supergravity in ten dimensions as an S 3 x S 3 compactihcation |2|. A previous 
Kaluza-Klein (KK) interpretation for SU(2) x SU( 2) gauged supergravity was given in 
[pj where this model was identified as part of the effective D = 4 theory for the heterotic 
string in an S 3 x S 3 vacuum. These two Kaluza-Klein interpretations are similar upto con¬ 
sistent truncations. For a review on gauged supergravities and their KK-interpretations 
one can see the reports !,!• Our present work is motivated in part by the recent studies 
on AdS-supergravities [ 6 j in string theory. It is an observation, at least in string inspired 
low energy supergravities, that the Freund-Rubin type vacua AdS p+ 2 x S m [0 do arise 
in the near horizon limit of the spacetimes around fundamental p-branes, like M2, M5 
and D3-branes. In addition various intersections of M-p-branes and D-p-branes do also 
give rise to spacetimes which have near horizon geometries as AdS p+ 2 x S m x A4 n [0. 
Our aim is here to realise this observation in the context of above gauged supergravity in 
four dimensions. There are known anti-de Sitter vacua like x R 2 , the ‘electro-vac’ 

solution |0], and the pure axionic background or ‘axio-vac' [] with the geometry AdS 3 x R 1 
[jlO] in four dimensional gauged supergravity. The idea is that the connection between 
AdS vacua and brane geometries must also exist in the case of gauged supergravity back¬ 
grounds. This connection might help us to extend the AdS/CFT- conjecture [0 to the 
gauged supergravity sector. We will show explicitly that the axio-vac and electro-vac are 
nothing but the intersections of domain-walls with strings and point-like objects in four 
dimensions. 

We start with the D — 4, IV = 4 gauged SU(2)a x SU{2) b supergravity which in 
the gravity multiplet contains the graviton E" 1 , four Majorana spin-3/2 gravitinos 4^, 
three non-abelian vector fields A“ belonging to SU{2)a, three non-abelian axial-vector 
fields 5/ belonging to SU(2) B , four Majorana spin-1/2 fields y / , the dilaton field 0, and 
an axion p [IJ. Here we consider the truncated version where half of the gauge fields 
5/ are vanishing. We will also set all the spinor background fields to zero. Under these 
specifications the bosonic action |IJ becomes 


S= d 4 x\F^g 


-R + + \e 2 * d^d“v - T e -* F ; U F^ 


1 a 2 

-- n F a F a ^ + —e 4 

2.2 M 2 


2 This terminology was adopted in |l2| and we shall be using it throughout this work. 


( 1 ) 
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where A 2 = e\ + e B , e A and e# being the gauge couplings of respective SU (2) groups and 
the held strength F“ u is defined as 

F^ = B l ^i-B„Al + e A e aic A^At, F^Ze^F^. (2) 

The corresponding supersymmetry transformations for the vanishing fermionic back¬ 
ground are [|l|, 

fix 1 = (^0 + Y - |e _ Va 0 ^r'“' + ^e*e 7 {e A + *75 e B ), 

8% = e 1 (X - + ^;) - le+eysdtf - ^ 

+ ^e 2 e 7 (e A + i^e B )x^ (3) 

where e 7 are four spacetime dependent Majorana spinors. Since fermionic backgrounds 
are absent therefore the bosonic fields do not vary under supersymmetry. Our convention 

for the metric is with mostly minus signs (H-). { 7 ^, 7 ^} = 2 g g — 0,1, 2, 3, and 

7 I = 1. uJ^, mn are the spin connections, and T mn = |[T m ,r n ], where m, n are tangent 
space indices. a a are three 4x4 matrices belonging to SU(2)a which along with rest 
three generators of SU(2) B generate the (|, |) representation of the gauged model [|lj. 

As can be seen from (1) that dilaton potential has nonvanishing contribution from the 
cosmological constant term. It suggests that one can obtain a domain-wall (membrane) 
configuration in the vacuum of this theory. This background, independently reported in 
0 and 0, is given by 

ds 2 = U(y) (dt 2 — dx\ — dx ^ — U(y)~ l dy 2 , 

<j> = -lnU, U = m\y-y 0 \, 

a; = 0 , 7 = 0 , ( 4 ) 

m 2 = A 2 /2. For this background, e^, analog of string coupling, vanishes at asymptotic 
infinity (y —> ± 00 ) and so also the curvature scalar. But both are divergent at y = y 0 . 
Singularity at y — y 0 is the position of the domain wall. The isometry group of this 
background is Pa(l,2) x Z 2l where P 3 is three dimensional Poncare group and Z 2 is the 
reflection symmetry of the dilaton potential around y = y o- Domain-wall solution in (|) 
preserves half supersymmetries with the supersymmetry parameter for e B = 0, A = e A 
given by 

e 7 T 3 = ie 7 , e 7 = U* e T 0 (5) 
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6q is a constant spinor. 

Apart from domain-walls we also obtained in [|To[ axio-vac solution with geometry 
AdS 3 x R 1 and a ‘dilaton-axion’ background both of them preserve 1/4 supersymmetries. 
Below we will see that these two backgrounds are two different intersections of domain- 
walls with string. 


2 Orthogonally intersecting double domain-walls 

As we saw in the previous section that domain-wall is the most natural (fundamental) 
object in gauged supergravity which preserves 1/2 supersymmetries, one can also ex¬ 
tend the programme and obtain various intersections of domain walls which will preserve 
less than half supersymmetries. Correspondingly we obtain a background configuration 
representing an orthogonal intersection of two domain walls given by 

ds 2 = U 1 U 2 {dt 2 - dx 2 ) - U 2 U{ l dy\ - URJ^dyl 
0 = ~ log U\U 2 , (6) 

while other bosonic fields are set to zero. Here Ui = mi\yi\ and U 2 = m 2 \y 2 \ are the two 
harmonic functions along the transverse directions y\ and y 2 respectively, m 2 +m| = A 2 /2. 
Note that t — x plain represents the common intersection plain of two walls while y± and 
y 2 serve as their mutual transverse coordinates. The background configuration in (||) 
preserves 1/4 of the supersymmetries. 

Having obtained orthogonally intersecting domain-walls it is quite straightforward to 
embed an extended string at the common intersection line of the two domain walls. In 
doing this we do not break any more supersymmetries and get a new background 

ds 2 = UiU 2 (dt 2 -dx 2 )- FU 2 Ud ] dy'i - FURJ^dyl 
0 = -log FU,U 2 , dr)=*e- 2 *H {3) 

F [( 3 ) = dt A dx A dF _1 (7) 

such that the new function F depends only on yi and y 2 and satisfies the constraint 

(fAU'fd, + d 2 U 2 d 2 )F( Vl , y 2 ) = 0. (8) 

The harmonic functions U\ and U 2 are same as in (bl). The Killing spinors for the back¬ 
ground (0) are, for mi = e^/v^, ^2 = es/\/2, 

e 1 = Ul /A Ul /A €q, e\i T 2 + 1) = 0, e 7 (T 3 + 75 ) = 0. 
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Before dwelling further let us discuss some specific cases below which follow from the 
solutions of eq.(||). It is clear that there are two nontrivial solutions of the equation 
(||). For the trivial one F = constant the background (|7|) reduces to intersecting wall 
configuration in ([]) with ‘no’ string. 

• The first nontrivial configuration is obtained when we solve (§) by setting F~ l = 
U\U 2 . Then we get 


ds~ = UiU 2 (dr — dx 2 ) — U ] 2 dy{ — U 2 2 dy. 
0 = 0, dy =* e~ 2(p H( 3) 

H ( 3 ) = dt A dx A dF~ 1 . 


(9) 


We note that (j9|) could be the background obtained in near horizon limit of inter¬ 
secting string-hve-brane description in ten dimensions |l2j. In that case analog of 
parameters mi and m 2 would be the charges Q§ and Q' 5 of two orthogonally inter¬ 
secting NS5-branes. In background (j9j) when mi = m 2 = A/2 one can define new 
coordinates in the upper right (+ve) quardrant of the y\ — y 2 plain, 

l».|M=e- A/ ' / y \vM\V2\=e^” 

then it becomes after the rescaling t —> A/2 t, x —> A/2 x 

ds 2 = e~ A ^ p (dt 2 — dx 2 ) — dp 2 — da 2 , 0 = 0, dy = —A/V2 da (10) 

This has a geometry of AdS 3 x R 1 and is similar to the axio-vac in |T0j as recently 
discussed in |12|] in the frame work of ten dimensional theory. 

Instead if we consider F^ 1 = U 2 then we obtain from (181) 


ds 2 = Ui U 2 (dt 2 - dx 2 ) - 


dyf 


- ur'dyt 


u 2 


0 = log U \, dy=*e~^H { 3) 

H( 3 ) = dt A dx A dF _1 . 


( 11 ) 


Note the three spacetime line element within bracketts in ([II]) is an AdS 3 space. 
Thus what we have got is nothing but the ‘dilaton-axion’ background of [Kljj. Fur¬ 
ther, if we set U\ — 1 , = 0 in (ED then it reduces to the ‘axio-vac’ where 

only axion held y is nontrivial in addition to gravity. The geometry also becomes 
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AdS 3 x R 1 . It was shown explicitly in [10] that clilaton-axion and axio-vac back¬ 
grounds preserve at least one quarter of the supersymmetry. Since for the axio-vacs 
the space-time geometry is anti-de Sitter space there will be more Killing spinors in 
addition to those reported in fill. We write down complete set of Killing spinors 


for the axio-vac which follows from ([II) along the lines discussed above 


e J = t/ 2 1/4 e^, fore'(ir 3 + l)(r 275 + l) = 0 
= ei. (u 2 1/4 + ^U 1 / 4 75 (r 0 t + rjx)) , for e 7 _(zr 3 + i)(r 275 - 1) = 0, (12) 

where e± are constant spinors. The fact that we are in an anti-de Sitter spacetime 
there is always an enhancement (doubling) of the supersymmetries f|]0. This doubles 
the amount of supersymmetry for axio-vacs to N = 2. This fact will also be at work 
when we discuss electro-vacs in the next section []. 


3 Intersections of three domain-walls 

We are also able to obtain a spacetime conhguraton as the vacuum of the supergravity 
theory in where all spatial directions are occupied by domain walls. This is given by 

ds 2 = lhU 2 U 3 dt 2 - U^U 2 U 3 dyl - U x U^U 3 dy 2 ~ U x U 2 U^dy 2 

<P = - log U x U 2 U :h U i = m i \y i \, (13) 

such that HiLi m i = A 2 /2 while other bosonic fields are trivial. This background however 
breaks all supersymmetries in the theory. It can be supersymmetric only if one of the 
functions U t is switched off in that case it reduces to the double-wall configuration. Let 
us now dress this background with 17(1) charges. To keep it simple we consider the case 
when single 17(1) gauge field is nontrivial and is such that it gives rise to electric fields 
only. This background is 

ds 2 = F~ 1 UiU 2 U 3 dt 2 - F (U^U 2 U :i dy 2 + U x U^U 3 dy\ + U x U 2 U^dy 2 ) 

(p = — log FU x lI 2 U :h Ui = rrii\yi\, 

F (2) = V2 S a3 dt A dF~ l (14) 

where mds satisfy the constraint as in (p~3|) and the new function F(yi,y 2 ,y 3 ) satisfies 

[d\U 2 di + d 2 U 2 d 2 + d 3 U^d 3 )F = 0. (15) 

3 I am grateful to M. Tonin for the discussions on this subject. 

4 We note that Killing spinors for various AdS x Sphere spaces have been recently constructed in [juj| . 
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Given this general situation there can be many solutions of (15) and hence many new 
backgrounds. However, not all of them will be supersymmetric. Consider first the special 
case when = 0, m\ = ee /\/2 and the harmonic functions U 2 = 1, U 3 = 1. In that case 
(|14|) reduces to a single domain-wall with electric U(l) flux 


ds 2 = F^lRdt 2 - F (U^dyl + U x dy 2 + lhdy£) 

<j> = -\og Flh, U^ies/y/2) \ Vl \, 

Ffo = V2S a3 dt A dF~ l (16) 


where F satisfies 

d x U 2 d x F = 0. 

The Killing spinors in this background are 


e 


1 


F -' 1 Uj 4 


(17) 


(18) 


where the arbitrary constant spinors satisfy the constraints e^Ti + 75 ) = 0 , (za 3 r 0 + 
1) = 0. These two conditions on Killling spinors break supersymmetry to 1/4 leaving 
behind only four independent components hence N = 1 supersymmetry. However if we 
consider the solution of (|l7j) to be F~ l = U x we get 

ds 2 = U\dt 2 - ( jjj~dyl~ dy\ 

0 = 0, F^) = V2 mi5 a3 dt A d\yi\ (19) 


which is the well known electro-vac solution with geometry AdS 2 x R 2 obtained by Freed- 
mann and Gibbons |J and preserving N = 2 supersymmetry. It was shown in [|] that 
supersymmetric electro-vacs exist only for purely electric configuration while in the pres¬ 
ence of magnetic field the spacetime geometry becomes AdS 2 x S 2 and it does not preserve 
any supersymmetry. This is the reason why we started with a purely electric configura¬ 
tion in ( 0 ). For the electro-vac (|T9| ) we write down the (static) Killing spinors which 
straightforwardly follow from ([T 8 |) after the substitution F _1 = U\ 


e 1 = Ul f 2 

e^_(r 1 + 7 5 ) = 0, e+(l — a 3 r 2 r 3 ) = 0. (20) 


These twin conditions, however, leave only 1/4 supersymmetries intact. But the electro- 
vac (|T|) must preserve 1/2 supersymmetries ||. So there must be more Killing spinors. 
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One can find there does exist another set of (nonstatic) Killing spinors for the background 

(PD 


e 1 = e I _(u^ l/2 + m 1 U l l /2 lb V 0 t ) 

— 75 ) = 0, ei(l — a 3 r 2 r 3 ) = 0. (21) 


which gives four more independent components. Hence Killing spinors ( |20|) and ( j2l| ) 
together make N — 2 supersymmetry. 

Thus the electro-vac configuration flT9|) describes a domain-wall with f/(l) electric- 
flux along the transverse y\ direction. The domain-wall occupies the directions t , yi, 2 / 2 - 
Other solutions of eq.(P~5|) such as = U 1 U 2 and F _1 = U 1 U 2 U 2 , will generate further 
new backgrounds. 


4 Conclusion 


In this work we have found the existence of various intersecting domain-wall configurations 
in the vacuum of the SU(2) x 577(2) gauged supergravity in four dimensions. We have 
explicitly shown that some of the previously known AdS backgrounds of this gauged 
supergravity are essentially the intersecting domain-wall configurations. These include 
the identification of anti-de Sitter vacua like ‘axio-vac’ 0 with the intersection of the 
domain-wall with an extended string and that of ‘electro-vac’ p] with the intersection of a 
domain-wall with point-like objects. An issue relating to the supersymmetries preserved 
by axio-vac backgrounds is also clarified. We speculate that these identifications of anti- 
de Sitter gauged supergravity vacua with the intersecting branes might help in extending 
AdSyCFT-conjecture 0 down to gauged supergravity, at least in four dimensions. 

This work also suggests that similar intersecting domain-wall configurations can also 
be obtained in other gauged supergravities in dimensions greater than four. 
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